Citri and Zyk (3) recently showed that the penicillinase of Bacillus cereus, on interaction with substrates, may yield conformational changes at the active site of the enzyme. Earlier studies by a number of investigators (1, 2, 4, 6, 8, 11) showed that penicillin analogues resistant to staphylococcal penicillinase, such as methicillin, may cause inactivation ofthe enzyme. In contrast, Richmond (10) , working with purified penicillinase, found that methicillin did not affect the enzyme. Hamilton-Miller and Smith (7) found that methicillin did not inhibit staphylococcal penicillinase but did inhibit penicillinase from B. cereus. These investigators, after working with a number of penicillinases, concluded that the state of purity of the enzymes, the source of the enzyme, and the type of penicillinase (whether it was cellbound) were factors that influenced the ability of resistant penicillins to inhibit the enzyme. This report describes the interaction of a-guanidino penicillin and staphylococcal penicillinase, in which both hydrolysis of the compound and inactivation of the enzyme occur. a-Guanidino penicillin, 6-[D(-)-a-guanidino-phenylacetamido]-penicillanic acid, is one of the compounds from a new class of penicillins described by Leanza et al. (9) .
MATERIALS AND METHODS
Penicillinase was determined by a conventional manometric procedure based on the production of CO2 by a reaction of penicilloic acid with KHCO3, as described by Henry and Housewright (8) . Each flask contained (in a total volume of 3 ml) 1.0 mg of KHCO3, 1.0 to 2.0 M concentration of ethyl alcohol (12, 13) , and varied concentrations of enzyme and substrate. Staphylococcal penicillinase was derived from acetone-ether dried cells (12) of Staphylococcus aureus 3051, grown in Brain Heart Infusion broth overnight.
For penicillinase induction, 1 jug of methicillin, 1 jig of a-guanidino penicillin, or 500 sg of penicillin G (benzyl penicillin) was added (per ml), and the culture was shaken at 37 C for 1.5 to 3 hr prior to harvest. REsULTS
The action ofseveral different batches ofstaphylococcal penicillinase was tested manometrically by use of cz-guanidino penicillin as substrate ( Table 1) . The same preparations, when used at the concentrations noted in Table 1 , gave 87 to 100% hydrolysis of penicillin G. Itisobviousfrom the table that the ability of penicillinase to hydrolyze a-guanidino penicillin was a function of the particular enzyme preparation used. These six different penicillinase lots were all made and tested by the same procedure, with the exception that different penicillinase inducers were used for four of the batches. Since both penicillinase lots D and M-2 were methicillin-induced, the increased activity of enzyme lot M-2 does not appear to be a function of the inducer. Table 2 shows that the usual enzyme kinetics could not be applied when penicillinase acted on a-guanidino penicillin, since the initial rate of hydrolysis was not directly proportional to enzyme concentration and the final or plateau level of hydrolysis appeared to be a function of both enzyme and substrate concentration. In contrast, when penicillin G was the substrate, regardless of the enzyme preparation, the rate of hydrolysis was directly proportional to the enzyme concentration and the substrate was hydrolyzed to completion. Hence, the results with a-guanidino penicillin may indicate that this substrate or its hydrolytic products inhibits or inactivates the enzyme.
PENICILLIN ANALOGUE AND ENZYME
To test these possibilities, various concentrations of penicillin G and of a-guanidino penicillin were subjected to alkaline hydrolysis for 1 hr or to enzymatic hydrolysis by 1 to 2 mg of penicillinase for 2 hr. The products obtained were neutralized, diluted, added to Warburg vessels containing fresh enzyme, and, after equilibration, fresh substrates (penicillin G or a-guanidino penicillin) were released into the main vessel compartment. Since penicillinase was in a particulate form, the enzyme was recovered from the enzymatic hydrolysis by high-speed centrifugation and was washed and tested against fresh substrate. As controls, fresh enzyme and fresh substrates were preincubated in distilled water (with the test samples) and were handled in the same fashion as were the test samples. Table 3 is a summary of the data obtained from such studies. It is obvious from the results that neither enzymatic nor alkaline hydrolytic products, when incubated with fresh enzyme, had The ability of these compounds and of aguanidino penicillin to inactivate penicillinase was then tested by incubating 1.0 mg of enzyme with substrate at 37 C for 2 hr. The enzyme was recovered by high-speed centrifugation, washed, and subsequently tested at various levels, with penicillin G as the substrate. DIscUSSION It was shown that the same staphylococcal strain handled in the same way may yield preparations that vary considerably in their ability to hydrolyze the penicillin analogue a-guanidino. This occurs despite the fact that the action of these preparations on penicillin G may be equivalent. As shown in Table 1 , only one of the six different preparations of penicillnase from the same strain hydrolyzed a-guanidino penicillin to a significant extent. This indicates that caution should be exercised in reporting penicillinase resistance of any agent. In agreement with Hamilton-Miller and Smith (7), we found that methicillin did not appear to inactivate staphylococcal penicillinase significantly (Table 5) . We also found, as did Citri and Zyk (3) , that conformational changes of the penicillinase active site can occur when the enzyme interacts with some resistant penicillins. Moreover, as shown in Table  3 , if penicillinase is incubated with penicillin G (a susceptible substrate), the enzyme loses 30% of its activity against a-guanidino penicillin but does not lose its activity against penicillin G. Hence, conformational change in the enzyme can occur with nonresistant substrates as well as with penicillinase-resistant substrates.
Under the conditions used in these experiments, the best penicillinase inducers or penicillinaseresistant penicillins, or both, do not always act as the best penicillinase inactivators. Methicillin appears to be the best inducer of penicillin, whereas nafcillin and methicillin appear to be the most penicillinase-resistant, and a-guanidino penicillin appears to have the most deleterious effect on the enzyme.
